ABSTRACT: The ground adulticiding program in densely populated Harris County has been employed on the basis of virus-positive mosquitoes almost exclusively using the 'rotation of chemicals best practices' stratagem. To evaluate its effectiveness, 15 comparative field cage testing events were conducted from 2011-2015 using seven wild population samples from repeatedly collected locations of Culex quinquefasciatus Say and a laboratory susceptible Sebring strain colony reared to adults. A 3 x 3 plot design was employed for exposure to ultra-low volume applications of malathion and synergized permethrin. No significant differences were found in mortality rate among testing dates, year, row placement, or relative humidity. Mortality was significantly different between adulticides (p<0.001) with mean mortality rates for malathion 96.42% (±7.95%) and permethrin 92.38% (±14.04). There was a significant temperature difference for permethrin (p<0.001) but none for malathion (p=0.644). Mosquito population mortality was statistically different by study operational area (p<0.011) and chemical (p<0.001). Susceptible colony adults used as positive controls downwind strongly aided determination of efficacy and resistance to each adulticide, providing evidence of individual application coverage, though comparative analysis was done with overall mortalities by normal methodology. Journal of Vector Ecology 42 (2): 279-288. 2017.
INTRODUCTION
West Nile virus (WNV) was first detected in Harris County, TX in 2002 and remains the prevalent mosquito-borne disease with Cx. quinquefasciatus Say as the principal vector. West Nile and St. Louis encephalitis (SLE) viruses are neurotropic viruses that cause considerable morbidity and mortality in the United States. Infection from WNV can result in significant financial burdens, with each case of neuroinvasive WNV infection resulting in an estimated $624 to $439,945 long-term cost to the patient (Staple et al. 2014 ) as a consequence of chronic viral sequelae lasting up to eight years post-infection (Murray et al. 2013) . Furthermore, active mosquito surveillance can detect incidence several weeks prior to animal transmission, potentially leading to early prevention efforts for arboviral human infection (Healy et al. 2015) .
Harris County encompasses 4,605 km 2 and is the third most populous county in the United States. It currently serves approximately 4.54 million people including the city of Houston with approximately 2.24 million people. Houston and Harris County are primarily urban and suburban with diminishing rural and agricultural areas. Ground ultra-low volume (ULV) adulticiding has been an important component of Harris County Public Health Integrated Mosquito Management Program from its inception. This activity has been triggered by the identification of virus-positive adult mosquito pools collected from traps in the mosquito surveillance program, except in serious or declared emergency weather events involving nuisance mosquitoes. Until WNV was identified, the positive mosquito pool SLE viral detection was more concentrated in and around downtown urbanized areas as trapping routes were run weekly in these areas based on historic records. The residential suburban and exurban population increases needed to be quickly accommodated in the surveillance program as the human population grew quickly and more diffusely as well. In 2002, WNV detection in mosquito sample pools was more widely distributed throughout Harris County, stressing the need for weekly complete surveillance coverage of 268 mosquito and vector control operational areas (MVCOAs) and an expansion of the in-house virology laboratory to accommodate the increase in mosquito sample pool volume and rapid diagnostic testing for SLE and WNV (Lillibridge et al. 2007) .
The insecticide resistance monitoring of the adulticides that could be used operationally was needed, as past laboratory assay testing and field cage testing indicated levels of resistance to the insecticides used in the program. Malathion was discontinued in the mosquito-borne disease program in 1994 due to resistance found in surrounding counties Rougeau 1977, Micks et al. 1980) . Further, synthetic pyrethroid detoxification pathways were found in Harris County samples of Cx. quinquefasciatus (Pietrantonio et al. 2000) . This did not change after 0.003 kg active ingredient (AI)/ha rate of synergized resmethrin used in ground ULV operations against the principal mosquito-borne disease vector from 1996-2004. Translating previous laboratory information into field efficacy was needed. Ultra-low volume field cage test assays were concluded to be comparable at assessing efficacy "with reductions in free-flying natural populations" as noted in the comprehensive review by Mount (1998 Stark et al. (2012) . This study provided a more in-depth analysis of the subsequent five years and examined the adulticides in rotational use during active periods of virus detection in mosquitoes and potential disease transmission in Harris County. It also describes our assessment techniques that can potentially be utilized by others working to protect the public from mosquito-borne diseases.
MATERIALS AND METHODS

Mosquitoes tested
Of the 268 operational areas designated by number, nine were used each year: seven repeated yearly (Figure 1 ) with two additional added based on the previous year's virus-positive mosquito samples in weekly mosquito surveillance testing. Three feral-reared adults and the susceptible colony adults were treated side by side at each test plot location in one test. Therefore, an inhouse method was developed for procuring Cx. quinquefasciatus eggs in the field. Egg rafts from three designated operational areas were collected every three weeks to rear adults for field testing using two-week-old hay infusion water (for egg collection only) in black restaurant bus tubs placed in pre-surveyed mosquito habitats for optimal oviposition. Egg rafts were harvested the following morning on filter pads, placed in covered petri dishes and immediately returned to the wild mosquito insectary. Susceptible and wild mosquitoes were reared in separate insectaries. Each was maintained at about 28-29.4o C and 78-82% relative humidity (RH) with a photoperiod of 17:7 (L:D). A deionized water system with a humidistat-regulated humidifier was present in each insectary. A programmable 1,500 watt radiant heater provided consistent heat to air conditioning balance in each insectary without interfering with the desired humidity level. Susceptible mosquitoes were maintained in the colony year-round, whereas, wild Cx. quinquefasciatus were generated seasonally for testing Vol. 42, no. 2 during peak periods of WNV-infected mosquitoes. Six to seven wild egg rafts (~100 eggs each) were placed in stainless steel covered pans (30 x 25.5 x 6.5 cm) partially filled with 1,500 ml DI water and powder fine ground tropical flake fish food (Tetra Holding, Inc., Blacksburg, VA) added as a slurry with a pipette (containing 1.25 ml ground food) under the water surface. Three days after egg hatching, each pan was skimmed with a paper towel to remove surface scum and the larvae were fed again with 2.5 ml additional dry food sprinkled on the water surface. Pupae were removed three days later to 500 ml dishes partially filled with 250 ml DI water and placed in separately labeled cages for emergence until all pupae were removed from larval pans for each of the three sample populations collected. Adult cages measuring 30.5 x 30.5 x 30.5 cm with 32 mesh netting were provisioned with three 10% sugar water 120 ml snap cap cups with 7.6 cm lengths of braided cotton dental wick through three, 0.85 cm cap holes for nourishment and hydration of adult mosquitoes. Wild mosquitoes were not blood-fed for propagation. Only the F 0 generation reared from egg collections were tested as adults. All extra specimens were destroyed by freezing. Laboratory-maintained susceptible Cx. quinquefasciatus (Sebring strain) were colonized in 1995 and propagated through blood meals originally from Swiss white mice before changing to defribrinated ovine blood delivered artificially using double-chambered glass, parafilm membrane covered feeders with a heated circulator bath system set to human body temperature based on the system described by Rutledge et al. (1964) . Egg rafts were deposited four days later within 11.4 cm diameter (250 ml) culture dishes containing 125 ml de-ionized water and simultaneously reared as described for wild mosquitoes to obtain synchronous emergence. Approximately 2.5 weeks were required for the rearing process and the quantities of 2-5 day-old females needed for testing.
Field cage tests
Separate cages, described by Vessey et al. (2007) , each containing Sebring colony adult females and the three operational area mosquito populations collected for one rearing cycle, were used. The Sebrings served as both positive and negative controls, downwind in the treatment plot and upwind of applications. A test is defined as a single application (vehicular pass) of adulticide. A typical test required approximately 4,000 mosquitoes, of which 25% were Sebring.
The field test plot was a 3 x 3 design with a row of three cage stakes positioned at 30.4, 60.9, and 91.4 m distances downwind from aerosol application, and cage stakes positioned 30.4 m apart from one another throughout the plot as described in other similar studies (Groves et al.1994 , Crockett et al. 2002 , with three negative control stakes placed upwind of the test plot. The cage support system at each of nine positions downwind and the three negative control positions upwind stood 1.5 m tall, and allowed four cages of mosquitoes (three cages containing separate laboratory mosquito populations, and one cage containing Sebring as positive controls) to automatically orient into the wind (Vessey et al. 2007 ). The test location was a large open field located in southeast Harris County, with a reasonably consistent wind direction for the test plot relative to spray path, no wind obstructions, little human activity, and paved road surface on three sides on which the application vehicle could travel if wind direction had necessitated (Figure 2 ).
During the years covered in this report, only the south-side drive path was needed.
Two separate tests were conducted each test night using Fyfanon® ULV Mosquito (malathion) (Cheminova, Inc., Research Triangle Park, NC) at 0.062 kg AI/ha and Evoluer® 31-66 (permethrin and piperonyl butoxide) (Value Garden Supply, St. Joseph, MO) applied at 0.007 kg AI/ha. Evoluer was diluted 1.0:1.7 with BVA 13 ULV Diluent (BVA, Inc., New Hudson, MI). London Fog Model 18-20 high output ULV aerosol generators currently within our operational fleet were utilized for malathion and permethrin applications. Flow rate was set between 118.3 to 119.2 ml/min in the dual-use Monitor 4 systems, with engine revolutions per minute (RPM) ranging from 1,800 to 2,280, and air pressure ranging from 0.3 to 0.4 bar for the production of mass median diameters (MMD) of 15.5-16.0 µm (malathion) and 12.4-14.9 µm (permethrin). Each application was made at 16 kph dispensing 118.1 ml/min malathion and 127.2 ml/min permethrin.
The order in which the insecticides were tested each date per year of the five years was randomized to spread potential impacts of any meteorological variability on-site and test outcomes. Test weather information was obtained continuously before and throughout each test using a NovaLynx Model 110-WS-18 portable weather station connected to a laptop computer to monitor and record ambient temperature, humidity, wind speed, and direction. The dual temperature/humidity sensor and the wind direction and speed monitors were mounted on a sectional pole held in place with a secured tripod. Temperatures were measured at fixed heights of 1.8 m (on tripod) and with a probe at 9.1 m on a 12.0 m tall army surplus radio mast to determine inversion prior to testing. In addition, periodic informal wind speed spot checks at 1.8 m were performed at various locations around the plot using a hand-held Kestrel ® Pocket Weather Meter (Model 4000, NielsenKellerman, Boothwyn, PA).
Approximately 20-25 female mosquitoes were aspirated from designated rearing cages into cardboard treatment cages (Vessey et al. 2007 ). Labeled treatment cages were placed in pre-labeled insulated ice chests along with correspondingly labeled, 237 ml paper holding cups (Great Southwest Paper Company, Houston, TX) used for transfer of mosquitoes from treatment cages post-application. The coolers were kept in the shade to reduce temperature-related mosquito mortality upon transfer to the field site. Transfer cups were constructed by punching out the lid top and cup bottom and hot-gluing a 12.7 cm 2 section of burgundycolored nylon tulle to the cup bottom. In addition, a centered 0.9 cm diameter hole was punched through the cup side and pre-filled with a 4.0 cm dental wick for post-transport back to the laboratory. Upon transfer of mosquitoes into the cup, a 12.7 cm 2 section of the burgundy tulle was placed across the cup and secured with the ring of the original lid.
Labeled cages were removed from ice chests prior to a test, affixed to the cage arms, carried into the plot by personnel assigned a particular distance stake position, and placed on the support stakes as described by Vessey et al. (2007) . After five min postapplication, assigned personnel retrieved cage arms and returned them to the upwind transfer station corresponding to that distance. Transfer stations were set up on 2.4 m collapsible tables inside a tent to prevent wind from blowing mosquitoes away during the transfer process. All mosquitoes were anesthetized using a CO 2 delivery system prior to transfer.
When mosquitoes from field test cages were transferred to holding cups, mosquitoes were returned to the appropriate coolers. When testing was completed and the equipment stored, coolers were immediately returned to the laboratory where holding cups were suspended individually with ornament hooks, wick up, from a wire rack for timed visual observations. The 5.0 cm length of cotton dental wick was saturated in situ with 10% sugar water for mosquito sustenance. After hanging all holding cups, the rack was placed in an insectary under controlled conditions. Mosquito mortality was recorded the next day, with permethrin tests read at 12 h (Sandoski et al. 1983 , Crockett et al. 2002 , and malathion tests read at 18-20 h post-treatment (Mount et al. 1968 (Mount et al. , 1970 . These mortality reading times were checked at least yearly for same results as 24 h post-treatment observations.
Data analysis
Each test was recorded and entered into an individual spread sheet. Post-treatment mortality of negative controls was used to correct for natural mortality (Abbott 1925) . Figure 3 illustrates a stylized picture of one test result from 2015 to illustrate the treatment area, plot design, treatment drive path, and overall corrected mortalities generated by the spread sheet. In this example, all susceptible Sebring colony had complete mortality. Data standardization and internal validity checks were performed to create a uniform dataset that spanned the entire five years of chemical testing. Only mosquito populations from the seven permanent primary resistance study areas, plus the susceptible Sebring colony as a positive comparison, were included for analysis. Descriptive statistics were performed to ascertain variable variance for regression analysis determination. Univariate linear regression was performed with mortality rate as the continual dependent variable. Insecticide, geographic area of mosquito collection, testing date, testing row, temperature, wind speed, and wind direction were evaluated as independent variables. Multivariate data analysis was also performed. Multivariate data analysis was performed to incorporate degrees of freedom and z-scores to test for independence of associations.
RESULTS
During each of the five years, testing occurred three times for a total of 15 different testing dates. Each year's testing dates occurred approximately three weeks apart, with dates ranging from June to September. Mortality rate was consistent over time as noted by univariate analysis. No significant difference in mortality rate (p=0.393) was noted among the 15 different testing dates. Furthermore, there was no significant difference between years (p=0.487). Mosquito population mortality was significantly different by chemical used (p<0.001), with malathion resulting in greater mosquito population mortality than permethrin ( Figure  4) . Mean mosquito mortality rates by chemical were as follows: 96.42% (±7.95%) for malathion and 92.38% (±14.04%) for permethrin. Multivariate analysis indicated that mosquito pool mortality rate was statistically different by study operational area (p<0.011) and chemical (p<0.001) ( Figure 5 ). The mortality rates were consistently high for the susceptible Sebring colony strain used as the positive control of chemical treatment. Mosquitoes for testing originated from a total of seven permanent primary resistance study areas from across Harris County. Susceptible Sebring mosquitoes harvested from the colony at our insectary served as dual controls for testing.
Field plot testing design and weather conditions were evaluated to determine if variance within testing locations might have influenced mortality. Specifically, no statistical difference was noted between row placements (p=0.343). As anticipated, mortality statistically decreased (p<0.001) for each chemical as distance from insecticide spray origin increased. Mean mosquito mortality rates by distance were as follows: 97.79% (±5.81%) at 30.4 m, 94.13% (±1.21%) at 60.9 m, and 91.27% (±1.42%) at 91.4 m ( Figure 6 ).
With regard to weather conditions, no statistical difference was noted by relative humidity (p=0.840) or wind direction (p=0.163) at the time of testing. Relative humidity at time of testing ranged from 44 to 72% (mean 62.1% ±5.89%). Wind direction ranged from southeast, southeast/south-southeast, south-southeast, southsoutheast/south, and south-southeast/southeast. Temperature at time of testing ranged from 27.0-30.7º C (mean of 29.31º C ±0.32º C). Temperature was statistically different by chemical. There was no statistical association of mosquito mortality due to malathion (p=0.644), and mosquito mortality was statistically correlated (p<0.001) with temperature when permethrin was used ( Figure  7) . Wind speed at time of testing ranged from 3.7 to 15.8 kph (mean 8.4 kph ±2.95 kph) and applied to both chemicals equally: permethrin p<0.006 and malathion p<0.003.
DISCUSSION
Over the past five years, our mosquito and vector control division has successfully developed and refined methods for ensuring the efficacy of adult mosquito control techniques. Overall, the use of mortality percentages in the laboratory-susceptible Sebring as positive controls downwind indicated mostly consistent application coverage in tests allowing accurate yearly efficacy and five-year resistance assessments of the operational chemicals against wild test mosquito populations. This is not as clearly shown when using all plot data, as the locations where the susceptible colony mosquitoes showed a skip in good coverage, the overall data looked like most field cage testing done that uses no susceptible strain to coverage discrepancies. We found no statistical analysis allowing for this insight to each test.
Malathion resistance
Historically, malathion resistance of Cx. quinquefasciatus has been well documented throughout the United States. Georghiou et al. (1975) reported resistance to malathion, used for over 25 years in agricultural and mosquito control operations, in Cx. quinquefasciatus from San Joaquin Valley, CA. Along the Gulf Coast in Louisiana, Steelman and Devitt (1976) reported malathion resistance in Cx. pipiens quinquefasciatus from Jefferson and St. Tammany parishes with a notable decrease in susceptibility (28 x) over a five-year period in the latter, based upon lethal concentrations used in standard WHO larval test protocol. Fortunately, we have not used these broad spectrum pesticide classes as larvicides, increasing resistance pressures in the target mosquito species. Whereas malathion resistance of Cx. quinquefasciatus was identified in a strain from Lake Charles, LA, exposed to Fyfanon® ULV (95% malathion) applied at a rate of 177.4 ml/min and 24.1 kph vehicle speed, at 24 h post-application, only 29.3 to 6.8% mortality was obtained at increased distances downwind during field cage tests .
More specifically within our region, malathion has provided up to 100% control of Cx. quinquefasciatus at application rates as low as 0.0198 kg AI/ha (16 kph) in replicated field tests south of Houston in Brazoria County, TX (McNeill and Ludwig 1970) , but seven years later, Micks and Rougeau (1977) tested Brazoria County Cx. quinquefasciatus using standard WHO protocols for malathion and reported that five strains of larvae were two to nine times as tolerant, and eight strains of adults were 1.3 to >5.0% as tolerant than a susceptible laboratory strain when only using organophosphates for adulticides. In addition, they warned against insufficient sampling and testing that invariably leads to erroneous conclusions of the level of susceptibility to insecticides, especially at the regional level. Micks et al. (1980) further expanded upon malathion resistance in Brazoria and Galveston Counties, both immediately south of Harris County. They reported that resulting data from only one to two sample collections could be misinterpreted and that only field tests in association with laboratory findings can determine the effectiveness of an insecticide, based upon tolerance levels observed under laboratory conditions, and resistance levels, or lack of control, witnessed under operational field conditions. They also noted that multiple collections of Cx. quinquefasciatus from relatively small areas produced a broad range of control variability upon exposure to malathion. Resistance to malathion and Scourge in Harris County has been reported previously with esterase activity detected in Cx. quinquefasciatus populations from eight population samples ranging from 3.7 to 15.0 times that of a susceptible strain (Beyssat-Arnaouty et al. 1989 , Pietrantonio et al. 2000 . Interestingly, in two population samples, the level of resistance reported by Pietrantonio et al. (2000) was still observed, since both were found in the current study through cage testing to be operationally responsive to malathion but not susceptible by accepted standards to the next generation synthetic pyrethroid, permethrin. Although resistance to malathion has been identified in the past within the region, particularly in Harris County, our data suggest that the lack of operational use of malathion as an adulticide for disease suppression during 1998-2004 was important in regaining greater usefulness within the specific mosquito populations tested. Rotational use of the chemical has helped reduce intense exposure to populations since reintroduction into the operational control program. The results were better for malathion than for permethrin but still showed different levels of effectiveness by population areas even with reduction in resistance pressure.
Permethrin/pyrethroid resistance
With pyrethroids, naturally occurring tolerance was documented by Mount and Pierce (1975) , where Cx. quinquefasciatus LC 90 s were much higher than those of Aedes aegypti (L.) (5.4 to 19.2 x), Anopheles quadrimaculatus Say (7.8 to 34.6 x), and An. albimanus Wiedemann (14.0 to 63.3 x). Linley and Jordan (1992) field-tested Scourge (0.22 oz/ac, unknown ratio of resmethrin to piperonyl butoxide (PBO) synergist) and malathion (1.42 oz/ac) against a laboratory strain of Cx. quinquefasciatus that were resistant to malathion (resistance ratio=19.6), and obtained better control with Scourge than malathion, especially in wellvegetated areas. Experimentally, high levels of cross-resistance to malathion were induced within Cx. quinquefasciatus originating from Cuba, after only six generations of exposure to a lambdacyhalothrin (Bisset et al. 1997) . Groves et al. (1994) obtained poor control 24 h post-treatment against Cx. quinquefasciatus using Biomist 30:30 (31.4 to 48.2% mortality) and Scourge (13.3 to 38.0% mortality applied via ULV at 1.6 and 2.1 ml AI/sec) to caged mosquitoes downwind. Although the ratio of resmethrin to PBO synergist was not stated, it was diluted 1:13. In later comparative field tests with the Baton Rouge strain of Cx. quinquefasciatus, significant differences in the level of control between Permanone 31-66 and Aqua-Reslin applied at a rate of 3.9 g AI/h were observed, with 80.4 to 94.1% and 56.6 to 71.4% mortality downwind (24 h post-treatment) ), whereas, Ham et al. (1999 applied Scourge (diluted 1:6, 1.96 g AI/ha at 16 kph, at 177.6 ml/ min) against the caged Baton Rouge strain and achieved 51.7 to 78.5% mortality (24 h post-treatment) at comparable distances downwind, and was significantly more efficacious than Dibrom® and Trumpet® (Naled formulations applied at 22.4 g AI/ha at 16 kph). Harris County testing reported here demonstrates the advantages of repeated large-scale, repetitive field assessment using a known susceptible colony strain comparison. For Harris County, follow up testing of surviving specimens from permethrin exposure to further determine detoxification pathways that resulted in less susceptibility or signs of resistance in findings needs to be pursued in the future as it was not in this reporting period. As the other available class of adulticides, it has provided stable, if not the best, results during the five years reported.
Control strategies
Operationally, ULV applications of permethrin and malathion are conducted based almost exclusively on surveillance of WNV and SLE detection within mosquito populations. We used a number of strategies mentioned in Brown (1986) that were developed by Georghiou (1983) , which included management by moderation, saturation, and multiple attacks. This strategy was supported through the earlier work of Georghiou (1969) , who noted that culicine mosquitoes slowly developed resistance to organophosphates through repeated exposure but were relatively quick to revert back to a susceptible or near susceptible state once insecticidal pressure was relieved. Also, McAbee et al. (2003) suggested that within the Cx. pipiens complex particular to California, insecticide resistance to one chemical class may occur at the expense of insecticide resistance to another chemical class, which favored operational rotation between pyrethroids and organophosphates. Potentially, an additional benefit gained through rotation of adulticide chemical classes was reported by Robert and Olson (1989) , in that younger mosquitoes that received a sublethal dose of resmethrin or malathion as adults could potentially be impacted physiologically through reproductive harm. This testing technique is not difficult to implement, though relatively expensive, but is available for replication by other mosquito control programs with resources across the United States. The use of the seven permanent primary population areas in successive years enabled this examination and finding of immediate and improved efficacy through the reported years. The susceptible Sebring colony strain tested sideby-side with the wild population samples showed the difference in responses to the two chemicals as well. The difference in mortality rates between malathion and permethrin, though confirmed as significant, still showed a usable, though cautious, level of control for the operational ground ULV program. The lack of significant difference between years for each chemical was unexpected. The effects of wind speed and temperature were not surprising (Glunt et al. 2014 .
The importance of optimum droplet size to travel distance may or may not have been reflected in the lesser efficacy testing with permethrin given the similarity in droplet sizes with all other application parameters. The utilization of a dual-use system on the spray trucks affects the droplet size of the pyrethroid rotational chemical that can be switched in operational use due to malathion being calibrated and droplet-tested first for the urban and suburban county. The droplet sizes for both chemicals are considered label appropriate. Research has shown a 15 µm or larger mass median diameter to be optimal in open and semiopen areas (Mount 1998) .
These results show that the Harris County Public Health Mosquito and Vector Control Division has been using field operational IRM programs that provide yearly efficacy assessments of the chemicals used rotationally in the WNV disease vector management and that each chemical has retained a level of efficacy through time that remained useful. Rotational use of two chemical classes is a best practice under integrated mosquito management for the densely populated urban and suburban area that is Harris County. We have been able to keep the use of less expensive chemicals in our public health disease abatement arsenal through the annual field cage testing which is of concern in lean budgetary considerations.
Environmental considerations of spraying for adult mosquitoes in Harris County are driven by the presence of a pathogen in the mosquito populations found in our extensive mosquito surveillance program and efficient virology laboratory detection. We apply pesticides for nuisance mosquitoes other than vector species only through a declaration of county emergency. We are bound by strict reporting and record retention laws of the National Pesticide Discharge Elimination System of the Clean Water Act.
We are aware of the other chemical usages by the public and private sectors, especially pyrethroids, that exert pressure on mosquito populations to build resistance in Harris County and the City of Houston but have no legal means of obtaining the commercial sector usage or estimating the public's private use of off-the-shelf materials. As pathways have existed for so long in this species of mosquitoes to detoxify both chemicals, a serious concern remains every year that motivates the conduct of resistance testing.
